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Acute Poisonings and Intoxications
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Ienv uccaedosanus. Boisiienne MOpGOIOTHYECKIX NI3MEHEHHIH B JIETKUX MPU OCTPBIX OTPABJIEHNSIX KIO3AIIMHOM, STAHOJIOM H KOM-
GMHMPOBAHHBIX OTPABJIEHHSIX DTAHOJIOM U KJIO3AIMHOM 4Yepe3 3 u 24 yaca nocie orpasienusi. Mamepuanvt u memoost. OnbITbl no-
CTaBJIeHbI Ha GeCIOPOIHBIX KpbIcax-camiax Maccoii 270—300 rp. Kirosanun BBomIuM B 103€ 250 MILTMIPAMM Ha KHJIOTPaMM MacChl
JKMBOTHOTO 110/l HAPKO30M (XxsI0posia3a). Uepes 3 u 24 yaca ;KHBOTHbIE BbIBE/I€HbI 3 IKCIIepHMeHTa feKarmTanyeil. FccieioBanb! ri-
CTOJIOTHYECKHE CPe3bl JIETKHX 6 KPBIC, IOy YUBIINIX KIO3AIMH EPOPAIBHO B 103€e 250 MI/KI, 6 KpbIC, HOTYYHBIINX STAHOJ IIePOPATIb-
HO B 7103€ 8,6 MJI/KT, 6 KpbIC, OIYYHBIIMX STAHOJ H KJIO3AIMH EPOPAIHHO B BbIIEYKa3aHHbIX /103aX Yepe3 3 yaca Iocie OTpaBiie-
Hust. TaksKke vcclieZI0BaHbI THCTOIOTHYECKHE CPe3bl JIeTKUX Kpbic (18), mosmyyaBumx aHaJIOrHyHbIe MPENapaThl B BbIIIEYKA3aHHBIX
J103aX M BbIBEICHHBIX U3 ONbITa Yepe3 24 yaca nocjie BBezieHus npenaparos. CpaBHeHHe NPOBOIMIH € THCTOJIOTHYECKUMH CPe3aMu
Jerkux Kpbic (6), He MOJTyYaBIIX BbIIEyKa3aHHBIX BelnecTB. CTaTuCTHYeCKyI0 06paboTKy NPOBOIIM HEAPAMETPHIECKHMH METO-
navu (Kpurepuii x*). Ouenrsam cireayionye MopQoIOrHIeCKHe PU3HAKH: PACCTPOMCTBA KPOBOOGpanierus (OJHOKPOBHE, KPOBO-
HBJIMSTHIS ), HHTEPCTHIMAIIBHBIA U aJIbBEOJSIPHBIN OTEK, OBPEXK/ieHe OPOHXHAIBHOIO U aJIbBEOISIPHOTO SIUTENS], DHIOTEIHsI, Kile-
TOYHYIO peakiuio. Pazimuus cuuraau nocroBepubivu npu p<0,05. Pesynvmamot uccnedosanus. B KOHTPOJILHOI rpyIie sKUBOTHBIX
TP THCTOJIOTHYECKOM HCCIE/I0BAHNHN KaKie-TH00 PACcCTPOIiCTBa KPOBOOGPAIEHHUS], TIOBPESKACHUS GPOHXHATBHOTO H AJIbBEOJISIPHOIO
SMUTENHs], DHAOTEIHs] He OOHAPYKUBAIOTCS. Y JKUBOTHBIX, NOJyYaBIINX KJIO3AIMH Yepe3 3 yaca 110ciIe BBe/IeH s IpenapaTa Habumo-
JlaJIi Pe3KHe PACCTPOICTBA KPOBOOGPALIEHNS B JIETKHX (IIOJIHOKPOBHE B CHCTEME JIETOYHOM apTEPUH, 04ar0BOE MOJIHOKPOBHE KAIlII-
JISIPOB ME3KAJIbBEOJISIPHBIX IIEPETOPO/IOK, BEH), KOTOPbIe YCWIMBAJIICH Yepes CYTKH NOCJIe BBe/IeHHs peniapara. B ciyyae cmepru ye-
pes 3 yaca 1ocJie BBe/IeH s AIKOT0JIsi 00HAPYKeH BbIPAsKEHHbII IEPUBACKYJISIPHBIA OTEK, NOJIHOKPOBHE U KPOBOUSJIHMSIHUS; B YACTH
aJIbBEOJI COZIEPIKATIACH OTEYHas SKHAKOCTh. Yepes 24 yaca mOCie BBEIEHHUsI AJIKOT0JIS HAGIIOA i YMEPEHHOE BEHO3HOE MOJIHOKPO-
pre. CeKpeTopHasi akTHBHOCTb CJIMBHCTON 000JI04YKH GPOHXOB CHIzKaach. Uepes 3 yaca nmocsie COYETAaHHOTO BBEICHUS KJI03aIMHA 1
QJIKOTOJIsI OTMEYAIIH PE3KHE PACCTPOICTBA KPOBOOOPAIEHHSI B JIETKHX (BbIPAsKEHHOE MOJIHOKPOBHE, MHOTOUHC/IEHHbIE KPOBOMS/IMSI-
HUSI, AJIbBEOJISIPHBII OTEK), MOBPEsK/IeHHe (CITyIMBaHue) GPOHXHAIBHOTO SMUTENHSI, OTCYTCTBUE OKPAIUBAHUS SIJIEP DHIOTEHAb-
HBIX KJIeTOK. BOKpYT BeH 1 apTepHOBEHO3HBIX aHACTOMO30B Ha0 01/ cKowieHye mMboruros. IlepuBacky IsipHbIil OTEK OTCYTCT-
BoBaJl. Yepes 24 yaca nocJjie COYETAHHOTO BBEICHNS KJIO3AIMHA H AJIKOT0JIs IOBPEKACHHS YCHIIMBAIUCD. 3aktouenue. VIsmenenus,
BBISIBJIEHHbIE IPH TUCTOIOTHYECKOM HCCIIEZI0BAHNN JIETKUX Y KUBOTHBIX, MOJIYYABIINX KJIO3AINMMH U KOMOUHAIIMIO STAHOJIA M KJI03aIH-
Ha, B COBOKYIHOCTH C Pe3yJIbraTaMH Cy1eGHO-XMMHYECKOTO AHAJIM3a MOT'YT GbITh HCIIOJIb30BAHBI /ISl IATHOCTHKU COOTBETCTBYIOMMX
OTpaBJICHHUIT M ISl yCTAaHOBJIEHHS X aBHOCTH. Ktoueevie cnosa: Mopdosornyeckue H3MeHeHHs! B JIETKUX, KPUMHHAIbHbIE OTPaBJIe-
HHSs1, KJIO3II1H, STAHOJL.

Objective: to detect lung morphological changes in acute intoxications with clozapine, ethanol, and their combination 3 and 24 hours
after poisoning. Materials and methods. Experiments were carried out in outbred male rats weighing 270—300 g. Clozapine was given
in a dose of 250 mg per kg animal body weight under chloralose anesthesia. Following 3 and 24 hours, the animals were withdrawn
from the experiment by decapitation. Lung histological sections from 6 rats that had received oral clozapine 250 mg/kg, 6 rats that
had oral ethanol 8.6 ml/kg, and 6 rats that had a combination of ethanol and clozapine orally in the above doses were examined 3
hours after intoxication. Those from 18 rats that had been orally given the similar agents in the above doses and withdrawn from the
experiment were also investigated 24 hours after drug administration. The sections were compared with those from 6 rats that had
not received the above agents. Nonparametric methods ()’ test) were used for statistical processing. The investigators assessed the
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following morphological signs: circulatory disorders (plethora, hemorrhages), interstitial and alveolar edema, damage to the
bronchial and alveolar epithelium and to the endothelium, and a cell reaction. The differences were considered significant at p<0.05.
Results. In the control animal group, histological examination did not reveal any circulatory disorders and damage to the bronchial
and alveolar epithelium and to the endothelium. Three hours after its administration, the animals that had received clozapine were
observed to have acute pulmonary circulatory disorders (plethora in the pulmonary artery system, focal plethora of the capillaries of
interalveolar septa and that of veins) that increased 24 hours after its ingestion. If death occurred 3 hours after ethanol intake, there
was obvious perivascular edema, plethora, and hemorrhage; some alveoli contained transudate. Moderate venous plethora was seen
24 hours following ethanol administration. The secretory activity of the bronchial mucosa decreased. Three hours after coadminis-
tration of clozapine and ethanol, there were acute pulmonary circulatory disorders (marked plethora, multiple hemorrhages, and
alveolar edema), bronchial epithelial lesion (desquamation), and no staining of endothelial cell nuclei. Lymphocyte accumulation
was observed around the veins and arteriovenous anastomoses. Perivascular edema was absent. The lesions increased 24 hours after
coadministration of clozapine and ethanol. Conclusion. The changes found at lung histological examination of the animals receiving
clozapine alone and its combination with ethanol in conjunction with the results of forensic chemical analysis may be used to diag-
nose relevant intoxications and to establish their duration. Key words: lung morphological changes, criminal intoxications, clozap-
ine, ethanol.
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Beenenue

OTpaBJieHNs SIBJSIIOTCS aKTyaIbHOI IPo6JIeMoii Cy-
ne6Hoi MeautuHbl [1—4].

B mnocsennee BpeMsi HAOJIIOMAETCST pE3KOe yBesInIe-
HHUe YHcIa CIydaeB HCIOIb30BAHMS KJIO3AIIHA C IeJIBI0
IIPeIHAMEPEHHOTO ONbSHEHUS TPAKIAH /IS OCYIIECTBIIE-
HUS KPUMUHATLHBIX ACHCTBUHI TI0 OTHOMIEHUTO K HUM [5].
JleTasbHOCTh TIPU OTPABJEHUU KJIO3AMIUHOM COCTABJISIET
12—18%, mo panubM 3apybesxkHbix aBropoB — 10% [6].
IIpu ogHOBpEMEHHOM TIPUEME KJI03aMNHA € HTAHOJIOM OT-
MeyaeTcsT BO3pacTaHMe TsPKECTH €r0 CYIPecCHBHOTO Jieii-
CTBWS Ha OPTaHU3M YeJIOBeKa, TaKhe OTPaBJICHHS XapaKTe-
pusytoTcst 6oJiee BBICOKOIT JteTaibHOCTbio (30%).

Knozanun (8-xmop-11-(4-metni-1-nunepaseHn)-
SH-pubenso[b,e]-muasenun (azasenTu, JemoHeKe, aje-
MOKCaH, WITPOKC ¥ JIP.) TMPEACTABIISET cOO0H aTUITUIHDIN
HEHPOJIENTHK; IO XUMUUECKOMY CTPOEHUIO — 3TO TPUITHK-
JIMYECKOe COeAANHEHNe, SBJLIONIeecs] MIPOU3BOAHBIM 1,4-
Genzoauasernua [7].

Kiozanuu 1npuMeHsieTcst Ipu OCTPBIX M XPOHUYEC-
kX hopmax muszodpeHnn, Cuxo3ax, MaHMAKaJIbHBIX CO-
CTOSTHUSIX, MAHMAKAJIbHO-/IETTPECCUBHOM TICHX03€, Pa3JIiy-
HBIX TICUXOTHYECKUX COCTOSTHUSX, TCUXOMOTOPHOM
BO30Y/K/IEHUU, IPU arPECCUBHOCTHU, PACCTPOICTBA CHA.

E2keroHo Kypc JiedeHust 9TUM TIPEnapaToM Mpoxo-
JSIT 0K0JI0 1 MUTH. TarrenToB Gostee, 4eM B 60 cTpamax Mu-
pa [8], 4To ompeziessIeT BHICOKHI PUCK OTPABICHHS KJI03a-
MUHOM. JTOMY CIIOCOOCTBYET TaKkKe HaJIU4ue y3KOTrO
JIMATa30Ha MEXK/Y €ro TepareBTUYECKOW M TOKCHYECKON
no3amH (BbIcIIas cyTouHas nosa — 0,9 T, cMepTesbHas 10-
3a Juist B3pocJibix — 2 1) [7, 9].

[leficTBue kjo3anuHa MHOTOTpaHHO. BenencrBue
GJIOKAJIBI (t-aJIPEHOPEIIENITOPOB, OH TPOSIBJISIET BBIPAKEH-
HbII cemaTuBHbIil addext. O6muil ycnokaupawomuii s¢h-
ekt coueraercsa ¢ yrHereHumeM ycsi0BHOpeIeKTOPHOM
JIESTEJIBHOCTH W JIBUTATEJIbHO-3AIUTHBIX PedJIeKCOB,
YMEHbIIIEHUEM CIIOHTAHHO JIBUTATEJIbHOM aKTUBHOCTH,
paccyiabyieHreM CKeJEeTHOH MYCKYJaTypbl, MOHUKEHHEM
PEaKTHBHOCTU K HHJIOTEHHBIM U 3K30T€HHBIM CTUMYJaM
1pu coxpanennn coznanus [10].

B kauecTBe 0CHOBHBIX M0O0UHBIX d(D(HEKTOB K032~
MMHA MOYKHO BBIJIEJTUTH COHJIMBOCTb, CITyTAHHOCTH CO3HA-

Introduction

Poisoning is an important issue of forensic medicine
[1—4].

The number of clozapine poisonings in order to per-
form criminal actions against citizens has increased
recently [5]. The mortality in case of clozapine poisoning
is 12—18% and 10%, as have been reported in Russia and
other countries, respectively [6].

In the case of combined clozapine — ethanol intoxi-
cation a marked increase in the severity of clozapine sup-
pressive action on the human body was detected, such poi-
soning had a higher mortality rate (30%).

Clozapine (8-chloro-11-(4-methyl-1-piperazinyl)-
5H-dibenzo[b,e] -diazepin (azaleptin, leponeks, alemoxan,
Ibrox, etc.) is a atypical neuroleptic; according chemical
structure, it is a tricyclic compound, a derivative of 1,4-
benzodiazepines [7].

Clozapine is indicated in acute and chronic forms of
schizophrenia, psychosis, manic conditions, bipolar psy-
chosis, various psychotic diseases, psychomotor agitation,
aggressiveness, sleep disorders.

Approximately one million patients in more than 60
countries undergo the treatment with this drug annually
[8], which determines a high risk of clozapine poisoning.
This is also due to the narrow therapeutic threshold — the
difference between therapeutic dose and toxic dose is small
(the highest daily dose is 0.9 g whereas the lethal dose for
adults is 2 g) [7, 9].

The effect of clozapine is multi-faceted. It has a pro-
nounced sedative effect due to the blockade of a-adrener-
gic receptors that represents one of the main features of
this drug compared with other antipsychotics. General
sedative effect is combined with the inhibition of condi-
tioned reflex activity and motor-protective reflexes,
decrease of spontaneous motor activity, relaxation of skele-
tal muscles, decreased reactivity to endogenous and exoge-
nous stimuli while maintaining consciousness [10].

The main side effects of clozapine include drowsi-
ness, confusion, muscle relaxation, fainting and others [9].
The use of this drug may be accompanied by weight gain
[11] even within the first days after the start of the treat-
ment [12]. A number of cases of eosinophilia [13] and
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HISI, MEOPeJIAaKCHUpYIolee IeHCcTBIe, 0OMOPOYHBIE COCTO-
sauus u apyrue [9]. [Ipumenenne sToro mpenapara MoxeT
CONPOBOXKIATHCS yBeJamueHneM Beca [11] yike B mepBble
IHU nocse Havasa Jjedenust [12]. Coobmaercst Takxke o
caydasix pazsutuu so3uHoduann [13] u arpanyonurosa
[14] mpu ero npuMeHeHNH.

Kimandeckne MPOSIBICHUS OTPAaBJICHHUI KJIO3AIH-
HOM XapaKTepusyloTCsl yTHETEHHEM IEHTPATbHOIl HepB-
Hoii cuctemsl [15]. CrerneHb BBIPaKEHHOCTN YTHETCHUS 3a-
BHCHUT OT KOHIIEHTPAIUU TIperiapara B Kposu [15—16].

Pacmpenesienue kro3annHa IO opraHaM IIPOUCXO-
T B 3 ctaguu: 1-5 XapakTepusyeTcs HajeHIeM KOHI[eH-
TPAIH BEIIECTBA B KPOBY M HAKOIJICHUEM B APEHXMMA-
TO3HBIX OpraHax; BO 2-H HAET HAKOIJIEHWME BO BCEX
opraHax; 3-s XapaKTepH3yeTcsl HaKOIJICHHEM COeIIHe-
HUS B OPraHax BblJeseHnst (IeYeHH, TOYKaX) C OJHOBpe-
MEHHBIM YMEHBIIEHNEM KOHIIEHTPAIINK B APYTUX Opra-
Hax u Tkadsax [17—19]. HawuGombiree KogmdyecTBo
BEI[ECTBA KOHIIEHTPUPYETCSI B JKEJIYJOYHO- KUIIECYHOM
TPaKTe, IIEYCHH, TOYKAX.

WccnenoBanue, MpoBeJieHHOE HA KPBICAX, 110KA3aJI0,
YTO Yepe3 4ac mocjie BHy TPHOPIONTMHHOTO BBeIeH!sT (/1032
20 Mr/Kr) KOHIIEHTPAIIMK ITperapaTa B JIETKUX, CeJIe3eHKe,
rmevyenn U Mo3re coctasiisiiim oT 16 1o 64 mxr/T). Uepes 6
YacoB IOCJIe BBE/ICHUS, KOHIIEHTPAINS KJIO3AIIMHA B JIeT-
KHX COCTABMJIA D2 MT /KT, & B IPYTUX OPraHax CHU3NJIACH /10
7 MT'/KT. DTO TO3BOJIIJIO CIEIATh BBIBOJ, UTO IIperapat Ky-
MyJinpyer B jierkux [20].

B cuity cBoeit HEOUEBUIHOCTH, BCe CIIydaH, HO03PH-
TeJIbHBIC Ha OTPaBJIEHNE KIO3AIIMHOM, MOJIEKAT CyeOHO-
MEIMIIMHCKOMY HccJieioBannio. Bmecre ¢ Tem, cynebHO-
MEIMIINHCKAST INArHOCTHUKA OTPABJICHNI 9THM MTPErapaTom
JIO HACTOSTIETO BpeMenu 3arpyHera. OGbIYHO, yCTaHOBIIE-
HHe JIarHo3a B TAaKNX CJIyYaeB IPOU3BOAUTCS KOMIJIEKCHO
C YYETOM KJIMHUKO-aHAMHECTHYECKHUX, CEKIIMOHHBIX, THCTO-
JIOTWYECKIX, GHOXUMUYECKUX JAHHBIX U KOJTUYECTBEHHOTO
OTIPEIETIEHNST COIEPIKAHNST KIO3ANHA B GHOJIOTHYECKUX
cpeiax opraHusma.

Mopdosornyeckie M3MeHEHNsT HPH OTPABICHUSIX
KJIO3AIIMHOM He SIBJISTIOTCSI CTIenn(UIHBIME U [IPOSIBIISIIOT-
Cs1 INCIINPKYJISITOPHBIMU PACCTPONCTBAME U AncTpoduye-
CKUMU U3MEHEHUSIMU TTAPEHXUMATO3HBIX OpraHoB [21].

[To pannsim HU um. H. B. Cxindocosckoro, mpu
MOP(}OJIOrNYECKOM NCCIEOBAHIN Y BCEX YMEPIIUX OT OT-
PaBJIEHUST KIO3ATIMHOM OBLIN BBISIBJIEHBI U3MEHEHUST TIe-
YeHH, KOTOPBIE XapaKTePU30BAINCh OYArOBBIM MJIH And-
(dbysubim  creatozom. JKupoBas auctpodusi HocuIa
KPYITHO- M MEJIKOKAIIEIbHBII XapakTep. BoipaskeHHbIe 13-
MEHEHUs TIeYeHU B Psijie HabJoeHnii oTMedanuch Ha (o-
He JArarHoCTUpPOBaHHOTO remaruta (B ToM umcie HCV-
atuosioruu). Yacth MAIMEHTOB JIUTEIbHO yIOTpebisiia
HCHUXOTPOITHBIE MPENnapaTsl € TeparneBTUYECKOil IeJIbio,
Y4acTh yMepIux 3joynorpebusiin amkoroieM. OaHako B
MOJIOBUHE HAOJIOEHUIT MEJTKOKAIebHbBII CTeaTo3 meve-
HI He Obl 00yCJIOBJIEH YKAa3aHHBIMHU BbIIIE TIPHINHAMH,
MOITOMY MOJKHO JIyMaTh O €r0 PasBUTHH BCJEJCTBHE O]-
HOKPATHOTO YIMOTPEOIEHNsT TOKCHYHBIX 103 TICHXOTPOII-
HBIX TIperiapaTosB [21].

agranulocytosis during clozapine treatment have been
reported [14].

Clinical manifestations of clozapine poisonings are
characterized by the depression of central nervous system
[15]. The degree of this depression depends on the concen-
tration of the drug in the blood [15—16].

There are three stages of clozapine distribution in
the body. The first one is characterized by a decrease of the
substance concentration in blood and its accumulation in
parenchymal organs; the second one includes its accumula-
tion in all organs; the third one is characterized by the
accumulation of the substance in the organs of excretion
(liver, kidneys) with a simultaneous decrease of the con-
centration in other organs and tissues [17—19]. The great-
est amount of the substance is concentrated in the gas-
trointestinal tract, liver and kidneys.

A study conducted on rats showed that one hour
after intraperitoneal injection of clozapine (20 mg/kg) the
concentration of this drug in lungs, spleen, liver and brain
ranged from 16 to 64 ug/g. Six hours after administration
the concentration of clozapine in lungs was 52 mg/kg, and
in other organs it decreased to 7 mg/kg. These data suggest
that the drug accumulates in lungs [20].

Because of non-obviousness, all cases of suspected
clozapine poisoning are the subject to forensic medical
research. However, the establishing of forensic medical
diagnosis in case of clozapine poisoning is complicated.
The diagnosis in such cases is usually based on the integra-
tive results of clinical, anamnestic, sectional, histological,
and biochemical data for quantitative determination of
clozapine in biological fluids of the body.

Morphological changes in case of clozapine poison-
ing are not specific and include discirculatory disorders
and degenerative changes in parenchymatous organs [21].

According to the results of morphological study of
liver in N. 1. Sklifosovsky Institute of Emergency Medicine
(Moscow), the revealed changes included focal or diffuse
steatosis. The fatty degeneration was either atomized or
globular. In a number of cases, the background of liver
changes the hepatitis was diagnosed (including the one of
HCV etiology). Some patients used psychotropic drugs
with therapeutic purpose, some patients had an alcohol
abuse. However, in half of the observations atomized
hepatic steatosis was not due to the reasons mentioned
above, therefore, it might develop due to one-time admin-
istration of toxic doses of psychotropic drugs [21].

There are data on the so-called clozapine-associat-
ed eosinophilic myocarditis in the literature [22—23].
Other data demonstrate that the clozapine poisoning is
accompanied by brain changes (decrease of the basal
ganglia and gray matter volume in the cerebral cortex
and reduced blood flow) [24]. Recent study [25] showed
that clozapine had a direct effect on endothelial cells of
the blood-brain barrier (BBB) accompanied with
impairment of brain functions. The latter presumably
occured due to oxidative stress and was accompanied by
condensation and fragmentation of chromatin in the
BBB endothelium cells.
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B nutepatype MMEIoTCsI CBEAICHS O TaK Ha3bIBAEMOM
KJTO3ATTMH-aCCOMMUPOBAHHOM 303MHOMDUILHOM MHOKap-
mure [22—23].

OTpaByieHNsT KITO3AIMTMHOM COTIPOBOKIAIOTCST N3MEHE-
HUSIMH B TOJIOBHOM Mo3re (YMeHbIlleHHe obbeMa (asasib-
HBIX TAHTJINEB, yMEHbIIIEHHE 00beMa CePoro BEIEeCTBa B KO-
pe GOJIbIINX MOJTYMIAPHIi 1 CHUKEHIEM KPOBOTOKA) [24].

B HemasHem wuccaenosanuu [25] ObLIO TIOKa3aHo,
YTO KJIO3AMNH OKA3bIBAET HEMOCPEACTBEHHOE EHCTBIE Ha
SHJIOTEINAJIbHbIE KJIETKU reMaTo-aHIIe(haninueckoro 6apb-
epa (I'DB) ¢ nHapymennem ero GyHKIUKU. ITO CBI3AHO C
Pa3BUTHEM OKCHIATUBHOTO CTPECCa M COMPOBOMKIACTCS
KOHeHcannell n (parMeHTanmeil XpoMaTiHa B KJIETKaX
anztotenust I'9B.

B ciyuasx cMepT OT 0CTPOro KOMOUHUPOBAHHOIO
OTPABJECHUS KJIO3AMMHOM U ITUIOBBIM ATKOTOJIEM, YTO
TaK/Ke TaCTO BCTPEUAETCS B CYAOHO-MEIUITITHCKON MpaK-
THKE, BBISBISIOTCS OCTPbIE HECTIeNU(MUIHbIE TOBPEK/IE-
HUS HEIIPOHOB I'OJIOBHOTO MO3ra (Kak 0OpaTvMble, TaK U
HeoOpaTuMble) M HApyIUIeHHs KPOBOOOPAIIEHUS: MOJHO-
KPOBHUE COCY/IOB MUKPOIUPKYISITOPHOTO PYCJIa, TIEPUBAC-
KYJISTPHBIN U TTePUIIEITIOIISIPHBIN OTEK, YTO TIOATBEPIKAaeT-
Cs pe3yJbTaTaMi  THCTOJOTUYECKUX —HUCCIETOBAHUN
TOJIOBHOTO MO3Ta TMAIMHETOB, YMEPITUX OT COYETAHHOTO
OTPaBJIEHUS KIO3AMUHOM U 3TaHOJIOM (26 UeloBeK B BO3-
pacre ot 22 5o 63 7net) [26].

Moposorndyecke U3MEHEHUS B JIETKUX TIPH OCTPHIX
OTPABJECHUAX KJIO3AMITHOM M3YIEHbI HEJOCTATOUHO. B 3a-
PyOEKHOU JIuTepaType BCTPEYAlOTCs NI PA3PO3HEHHBIE
nanublie. Hanpumep, coobiaercss 0 pasButun JTuMQoIu-
TApHOTO ATHBEOJIUTA, TIPEAMOJOKUTENHLHO CBSI3AHHOTO C
CUCTeMATUYEeCKUM MpUMeHeHue Kio3anuna [27]. Onucan
ciTy4ait pa3BUTHS HHTEPCTUIINATLHON THEBMOHUH Y TTAT[H-
eHTa, paboTaBIIero B IIPOM3BOACTBEHHOM OT/IEJIE AlITEKU 1
KOHTAaKTHPOBABITETO € TOPOIIKOM KJIO3AIMHA B TEUCHIE
HECKOLKUX JIET. ABTOPBI C/IE/TAIA BBIBO O TOM, YTO Pas-
BUTHE TTHEBMOHUN CBSI3aHO € WHTASIIHOHHBIM BO3IEHCT-
BHEM KJo3arnHa [28].

[Tesp wiccmeIOBanmsT — BbIsTBIEHNTE MOPGhOTIOTIIEC-
KX M3MEHEHMH B JIETKUX TP OCTPBIX OTPABJIEHUSIX KIT03a-
[IHOM, STAaHOJIOM U KOMOUHUPOBAHHBIX OTPABJIECHUIX JTa-
HOJIOM U KJIO3AITIHOM Yepe3 3 1 24 gaca Tocjie OTPABIEHISL.

Marepuan u MeTO/bI

OmBITH TIOCTABIEHBI HA GECTTOPOHBIX KPBICAX-CAMIAX Mac-
coit 270—300 r. Kirozanun BBomIICs B 103¢ 250 MUJUIUTPAMM Ha
KUJIOTPaMM MacChl JKUBOTHOTO T10j1 HAPKO30M (XJ10poJiasa). Yepes
3 1 24 yaca KMBOTHBIE BbIBEJIEHBI U3 HKCIIEPUMEHTA JI€KAIUTAIlN-
eil. VcenenoBanbl THCTOIOTHYECKHE CPE3bI JIETKUX 6 KPBIC, MOJTY-
YUBIIMX KJIO3AMUH [EPOPAIbHO B f103e 250 MI/KT, 6 KpbIC, T0JIy-
YUBIINX 3JTAHOJ TepopasbHo B 103e 8,6 Mi/kr, 6 Kpbic,
MOJIYYUBIIIX 9TAHOJ ¥ KJIO3AIIMH ME€POPATHHO B BBIIEYKA3AHHBIX
J103ax yepe3 3 yaca 1nocJjie oTpasiieHnst. Takke nccie[oBaHbl THCTO-
JIOTHYECKIEe CPe3bl JeTKUX Kpbic (18), moyyaBImmx aHaJIOTHYHbIE
[IPerapaThl B BbIINIEYKA3aHHBIX /[03aX M BbIBE/IEHHBIX 13 OIIBITA Ye-
pes 24 vaca 11ocJie BBejieH s rpenaparoB. CpaBHeHUe MPOBONIIN C
IUCTOJIOTMYECKUMH CPe3aMK JIETKUX Kpbic (6), He MoJydaBIInx
BBIIIEYKa3aHHbIX BenlecTB. CTaTueTIecKyo 06paboTKy POBOIN-
JIM HerapameTpudyeckumMu Metogamu (kpurtepuit x°). OneHuBann
caeyione MOpdoIorniecKie MPU3HAKK: PACCTPOHCTBA KPOBO-

In cases of death caused by combined clozapine-
ethanol poisoning, which are frequently seen in foren-
sic practice, acute non-specific damage to the brain
neurons (reversible and irreversible) and circulatory
disorders occur, such as plethora of microcirculatory
vessels, and perivascular pericellular edema. The latter
features have been confirmed by the results of histo-
logical brain examination of the patients who died
because of combined clozapine- ethanol poisoning (26
people aged 22 to 63) [26].

Morphologically changes in lungs in cases of acute
clozapine poisoning have not been studied enough. There
was only some scattered data in the scientific literature.
For example, development of lymphocytic alveolitis pre-
sumably associated with systematic clozapine use has been
reported [27]. There was a reported case of interstitial
pneumonitis in a patient who had been working in a phar-
macy under the exposure to powder clozapine for several
years. The authors concluded that the development of
pneumonia might be associated with inhalation exposure
to clozapine [28].

The aim of the study — the estimation of morpholog-
ical changes in the lungs in case of acute clozapine, ethanol
and the combined clozapine-ethanol poisoning 3 and 24
hours after the intoxication of rats.

Materials and Methods

The study was conducted in outbreed male rats. The dosage of
clozapine was 250 mg/kg. The weight of the rats was 270—300 g.
The study included six rats treated with clozapine (250 mg/kg per
0s), 6 rats treated with ethanol (8,6 ml/kg), 6 rats treated with
clozapine (250 mg/kg) and ethanol (8,6 ml/kg). Three and 24
hours after drug administration the animals were decapitated, lung
sectioning performed, and the histological slides of rat lungs pre-
pared. The following morphological features were evaluated by
observing each slide: circulatory disorders (hyperemia, hemor-
rhage), interstitial and alveolar edema, damage to the bronchial
and alveolar epithelium, endothelium, the cellular response. Data
were statistically processed with the aid of nonparametric methods
(criterion x?). The differences were considered as significant at
P<0.05. The results of the study:

In the control group no disorders of blood circulation, damage
to the bronchial and alveolar epithelium, endothelium were found.

The alveoli were expanded, and their lumens remained free.
The interalveolar septa were thin, clusters of cells (lymphocytes,
segmented leukocytes, macrophages) were not seen.

Three hours after clozapine administration stenosis in the
pulmonary artery became evident. The arteries were expanded,
the RSCs formed aggregates, their contours could not be clear-
ly defined. Focal hyperemia of capillaries of the interalveolar
septa had become prominent. Some of the interalveolar septa
were swollen and thickened; numbers of lymphocytes and gran-
ulocytes were increased. The veins were moderately plethoric.
Distelectasis located predominantly subpleuraly was defined.
Focal hemorrhages in interalveolar septa and alveoli were also
clearly defined. There was a perivascular (mostly perivenular)
accumulation of lymphocytes. RBCs were abundant in the lumi-
na of the bronchi.

A day after clozapine administration circulatory disturbances
became more severe accompanied by perivascular edema.
Edematous fluid appeared in alveoli.

Three days after ethanol administration the histological
changes were characterized by moderate arterial hyperemia and
increased secreting function of bronchial mucous membrane. In
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Puc. Tucronornyeckue cpesbl JerKUX KPbIChI yepe3 3 yaca nocie BBexenus: Kiosanuna.
Fig. Histological sections of rat lungs after 3 hours after administration of Clozapine.

Note (nmpumeuanwue):

a — subpleural atelectasis — cy6mieBpasnbibie arenekrasbl, X100; b — thrombosis of arteriole — Tpom603

aprepuoJibr, X200; ¢ — alveolar edema — anpseossapubrii otek, X400; d — desquamation of bronchial epithelium — crymusanne sturemms
6ponxa, X400. Histological sections stained with hematoxylin and eosin — rucronornyeckue cpesbl OKpamieHbl TEMATOKCHIMHOM 1

D03UMHOM.

obparenns (MOJHOKPOBUE, KPOBOM3JIMSHUS), WHTEPCTUIHAD-
HBII 1 aJIbBEOJISIPHBIIA OTEK, MOBPEK/ACHNE OPOHXUATBHOTO U allb-
BEOJIAPHOTO SIUTEJNS, SHAOTENNS, KJIeTOYHYI0 peakiuio. Pasim-
qist canTasm octoBepusivMu ipu p<0,05.

Pe3ybraThbl 1 00CYsK/I€HHE

B xonTpomBpHOI TpyIIIE JKUBOTHBIX TIPU THCTOJIOTH-
YECKOM HCCJIEJIOBAHUE PACCTPOHCTBA KPOBOOOPAIIEHIS,
MOBPEKAEHUST OPOHXUATBHOTO W aJbBEOJIIPHOTO JIUTE-
JIVIsT, 9HIOTEIHST He 0OHAPYKUBAIOTCS. AJbBEOJIBI PACIIPaB-
JIEHBI, WX TTPOCBETHI CBOOOIHBL. MeKaibBeoSIPHbIE Tiepe-
TOPO/IKM TOHKHE, CKOILUIEHUS KJeTOK (auMdoIuTos,
CETMEHTOSI/IEPHBIX JICHKOIIUTOB, Makpodaros) Ha ux Tep-
PUTOPHUH He OTMEYAETCSI.

Uepes 3 waca mocjie BBe/ICHUS KJIO3AIIMHA PETHCTPH-
pyeTcs TIOJHOKPOBUE B CUCTEMe JIETOUHOI apTepuil. Apre-
PUH PACIITUPEHDBI, BPUTPOITATHI 0OPA3YIOT arperaThl, X KOH-
TYpel HE OIpeeNsIOTCS.  BBIABISAETCS — 04aroBoe
IIOJTHOKPOBHE KallMJUIIPOB MEKAJIbBEOJLIPHBIX EPETOPO-
nok. Hekotopble MeskalbBeOJIIPHBIE TIEPETOPOIKY OTEUHEL,
YTOJIIIEHB], B HUX IOBBIIIEHO cofiepskaHne KIeTok (mmdo-

case of death within three hours after alcohol administration a
pronounced perivascular edema, hyperemia and hemorrhage were
detected. Some alveoli contained edematous fluid.

24 hours after alcohol administration there was a moderate
venous plethora. The secretory activity of bronchial mucous mem-
brane was reduced. There was no perivascular edema.

Three hours after combined clozapine — ethanol adminis-
tration a significant hyperemia, numerous hemorrhages and
alveolar edema were defined. A damage (desquamation) of the
bronchial epithelium and the, absence of staining of the nuclei
of endothelial cells were observed. There was significant accu-
mulation of lymphocytes around veins and arteriovenous anas-
tomoses.

24 hours after the combined administration of clozapine and
alcohol hyperemia, the most observed features included hemor-
rhage, damage to the bronchial epithelium, thickening of the
interalveolar septa, cellular reaction, accumulation of RBCs in the
lumen of the bronchi.

Results and Discussion

The presence of perivascular edema in lungs, plethora
and hemorrhage were observed in groups of animals, which
received clozapine, ethanol and a combination of these sub-
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OcTprre oTpaBaeHMUA .

IIUTBHI, CETMEHTOSCPHBIC JECHKOMUTHI). BeHbl yMepeHHo
MOJHOKPOBHBL. OOHAPY/KMBAIOTCS IMCTENEKTA3bI, PACIIONO-
JKEHHbIE TTPEMMYIIECTBEHHO CyOTIeBpatbHO. BerpeuaroTest
OYaroBble KPOBOMBIMSHUS B MEKAJIbBEOJISIPHBIE TIEPEro-
pozky u anbBeosbl. [lepuBacKyIsapHO (MPEMMYIIECTBEHHO
MEPUBEHYISIPHO) HabmoaaeTest ckorerne aumdormtos. B
npocseTax OPOHXOB OOHAPYKUBAIOTCST IPUTPOIIUTHIL

VI3MeHeHus1, perncTpupyemMbie uepes 3 vaca mocse
BBE/ICHUST KJIO3AITNHA, TOKA3aHbl Ha pUCyHKe (4, b, ¢, d).

Yepes CyTKHU MOCTIE BBEICHUS KJIO3AMMHA PACCTPOIi-
CTBa KPOBOOOPANIEHNsT yCHINBAOTCA. PasBuBaercs mepu-
BACKyJIAPHBIH oTek. OTeuHas KUAKOCTh TOSBISETCS B
AbBEOJTAX, PACTIONOKEHHBIX B TOJIIIE JETKUX.

[Ipy MB0MMPOBAHHOM BBEICHUH TKOTOJSI THCTOJIO-
IMYECKUE M3MEHEHNUS Yepes 3 uaca mocie Havaaa SKCIepu-
MEHTa XapaKTePU3YIOTCS YMEPEHHBIM apTePUATBHBIM MOJ-
cekperupytotieil  GyHxium
camM3nCTON 060M0uKM OPOHXOB. B cayuae cmepTu uepes

HOKPOBHEM, YCUJICHUCM

TPU Yaca [ocjie BBeICHUS alKOr0Jisi 00HAPYKEH BbIPasKeH-
HBIH TePUBACKYJISIPHBIN OTEK, TTOJTHOKPOBUE W KPOBOW3JIH-
sSHUSL. B yacTyt anbBeos CoepKUTCst OTeuHas 5KUJIKOCTb.

Yepes 24 yaca 1ocjie BBeJICHUS aJIKOTOJISI OTMEYAET-
Cs yMEpPEHHOe BeHO3HOe MoJHOKpoBue. CexpeTopHas ax-
TUBHOCTD CJIM3UCTON 000109KN OPOHXOB cHMKaeTcs. OT-
CYTCTBYET 1E€PUBACKYJISIPHBII OTEK.

Yepes 3 yaca mocje coOYeTaHHOTO BBEJCHUS KJI03a-
MUHA ¥ aJIKOTOJISI OTMEUAETCS BBIPAKEHHOE MTOJIHOKPOBHE,
MHOTOUNCJIEHHBIE KPOBOM3JIUSHUS, aJIbBEOJISIPHBIN OTEK.
Perucrpupyercst nospexzaerue (ciayuuBaHue) OGPOHXHU-
AJTBHOTO AMUTEJINSI, OTCYTCTBUE OKPANIMBAHUS SiJIEp 9H/I0-
TeJINATBHBIX KJIE€TOK. BOKPYT BEH 1 apTePUOBEHO3HBIX aHA-
CTOMO30B OTMEYAETCS CKOILIEHNE JTNM(BOIIUTOB.

Yepes 24 yaca 110cjie COYETAHHOTO BBEJICHUS KJI03a-
[IHA U JIKOTOJIsi 0OHAPYKUBAKOTCS [IOJHOKPOBUE, KPOBO-
UBJIUSIHUSL, TIOBPEXKIeHUE OPOHXUAJBHOIO 3JIUTEJIUS,
YTOJIIEHUE MEKAIbBEOJISIPHBIX TIEPErOpO/IOK, KJIETOUHAs
PeaKxiust, 5PUTPOLUTHI B IPOCBETE OPOHXOB.

[TosiByieHre B JIErKUX TEPUBACKYJISIPHBIX OTEKOB,
HOJIHOKPOBUSI U KPOBOUBJIUSIHUIA HAOJIOAIOCHh B TPYIIIAX
JKUBOTHBIX, H30JIUPOBAHHO TIOJIYYaBIINX KIO3AITIH, HTAHOJ
U KOMOUHAIIMIO 9TUX BEHIeCTB. ITO 00YCIIOBJIEHO MOBbIIIE-
HUEM TIPOHUIAEMOCTH COCY/I0B TEMOMHUKPOIIMPKYJISITOPHO-
IO pycCJia, B TOM YMCJIe TUIIOKCUENH KOMOMHUPOBAHHOIO Tre-
Hesa. HaOmopaemoe 1IpU H30JUPOBAHHOM BBEIECHUM
KJIO3allMHA 1 KOMOMHUPOBAHHOM BBEJICHUU KJIO3ANMHA U
HTAHOJIA TIOBPEKACHUE DIUTENUST 00YCJIOBIEHO HEMOCPE/-
CTBEHHBIM TOKCMYECKUM BJIMSTHUEM KJIO3AIMHA HA KJIETKH
AIUTENS C PE3KUM YCHUJIEHHUEM IPOIecca IePEKCHOTO
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stances. This occured because of increased vascular perme-
ability of blood vessels due to hypoxia of complex genesis.

In case of clozapine and combined clozapine-ethanol
administration the damage of epithelium occured due to
the direct toxic effect of clozapine on epithelial cells
accompanied by an acute increase of the lipid peroxidation
process (LPO) and damage of antioxidant defense system
of blood [29—30].

The increase in the LPO intensity and the develop-
ment of oxidative stress causes the increase of degenerative
processes, the damage bronchoalveolar epithelium, andloss
of its barrier function. Increased aggregation activity of
RBCs and platelets observed in case of clozapine and com-
bined clozapine — ethanol poisonings might be related to
the blockade of 5-HT3 receptors in platelets, as described
in previous studies [7,9—10, 31].

Conclusion

The changes revealed by histological examination of
lungs of the animals treated with clozapine, ethanol or a
combination of these substances, along with the results of
forensic chemical analysis could be used to diagnose poi-
soning and to determine the exact time of the poisoning.

okncaenns gunuznoB (IIOJI) n mapymermeMm aHTHOKCH-
JIAHTHON cuCTeMbI 3a1uThl KpoBH [29—30].

[Toswimenne nateacuroctu [1OJI u pasBuTne ok-
CUJIATUBHOTO CTPecca MPUBOJALT K YCHIIEHUIO TUCTPodhu-
YECKUX TPOIECCOB, TIOBPEKACHUIO OPOHX0ATBBEOJISIPHOTO
snuTeNMs, yrpaTe ero 6apbepHoil pyHkuuu. [losbimenue
arperalnuoHHON aKTUBHOCTH 3PUTPOIUTOB U TPOMOOLU-
TOB, HalbJIOaeMble NPU U30JMPOBAHHOM OTPABJIECHUM
KJIO3AIIMTHOM ¥ KOMOMHMPOBAHHOM OTPABJICHUN KJIO3AIN-
HOM M 3TaHOJIOM IPEIIIOJOKUTETbHO CBSA3aHbI ¢ OJOKa-
noii 5-HT3 perentopos B TpOMOOIHMTAX, YTO COTJIACYETCS
¢ iurepatypHbiMu lanabivu [7, 9—10, 31].

3akiouyeHue

I/ISMCHCHI/IH, BBIABJICHHBIC TIPW THUCTOJIOTUYCCKOM
HCCHACIOBAHNN JIETKUX Y JKUBOTHBIX, ITIOJy4YaBIINX KJ03a-
IINH, 9TAaHOJI 1N KOM6I/IH21L[I/IIO 9TaHOJIa U KJIO3allMHa, B CO-
BOKYITHOCTH C pe3yJabTaTaM1 Cyl[C6HO‘XI/IMI/I‘{CCKOI‘O aHa-
Jin3a MOTYT 6bITb NCITOJb30BaHbl AJIA JAUArHOCTUKN
COOTBETCTBYIOIINX OTpaBJICHI/II';I " Ui yCTAaHOBJICHUA UX
JTaBHOCTH.
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